Background: Adaptor-related protein complex 2 alpha 2 subunit (AP2A2) gene encodes a protein-a subunit of the AP-2 adaptor protein complex. Evidence has revealed that benzodiazepine receptor-associated protein 1 (BZRAP1) is abundant in the hippocampus with potential effects on brain diseases. Recently, an epidemiological study reported that two variants (rs7396366 and rs2526378) closest to the AP2A2 and BZRAP1 genes are associated with higher plasma lipids and Alzheimer's disease. Whether the two single nucleotide polymorphisms (SNPs) are actually relevant to coronary artery disease (CAD) and CAD severity remains elusive. Our aim was to assess whether these two SNPs are relevant to CAD and its severity in a Chinese population. Methods: Three hundred and thirty-five patients with documented CAD (282 stable CAD, 28 non-ST-segment elevation myocardial infarction, 25 ST-segment elevation myocardial infarction), and 372 non-CAD controls were included in the study. The participants were divided into two groups according to coronary angiography results. CAD patients were further demarcated into subgroups with one-, two-, or three-vessel stenosis. Genotypes at rs7396366 and rs2526378 were examined using polymerase chain reaction-ligase detection reaction. The association between these two SNPs with CAD and its severity were analyzed. Results: The frequency of the rs7396366 TT genotype was significantly higher in CAD patients than in controls (13.7% vs. 7.8%, 95% CI: 1.15-3.07, P = 0.014). Subjects with a variant genotype T allele had an increased risk of CAD compared with G allele carriers (additive model: 95% CI: 1.21-3.35, P = 0.008). After adjustment for traditional cardiovascular risk factors, analysis of the dominant models involving rs7396366 also showed that T allele carriers had a significantly higher risk for CAD than G allele carriers had (dominant model: OR 1.48, 95% CI: 1.03-2.14, P = 0.035). Age, sex, type 2 diabetes mellitus, fasting plasma glucose, and the TT genotype in rs7396366 were significantly associated with three-vessel lesions. Despite these significant outcomes of rs7396366, information on rs2526378 showed no significant difference between CAD patients and non-CAD controls.
Background
Cardiovascular disease (CVD) is a major cause of death worldwide and is primarily responsible for the loss of health throughout the world [1, 2] . Coronary artery disease (CAD), the most common CVD, remains the major cause of morbidity and mortality in the largest developing country, China [3, 4] . CAD is a complicated, multifactorial disease that involves both genetic and environmental factors [5] . In the past decade, genome-wide association studies (GWAS) have provided abundant evidence to help determine the quantity of susceptibility gene loci associated with CAD and its severity [6] [7] [8] [9] [10] .
Adaptor-related protein complex 2 (AP2) is a protein complex that is involved in the formation of clathrin-coated pits and functions as an adaptor by linking lipid and protein membrane components with the clathrin lattice [11] . It has four non-identical polypeptide chains [12] . The AP2 subunit α2-(AP2A2) has been identified as playing a pivotal role in regulating clathrin-mediated endocytosis [13] . More recently, AP2 has evolved as a key regulatory node to coordinate clathrin-coated pits formation and ensure high spatial and temporal regulation of clathrin-mediated endocytosis [14] .
Benzodiazepine receptor-associated protein 1 (BZRAP1), also known as PRAX-1 and rab-interacting molecule-binding protein 1 (RIM-BP1), is an 1857-amino acid protein encoded by the BZRAP1 gene. Previous studies have shown that BZRAP1 is prevalent in the mesolimbic system, especially abundant in the CA1 subfield of the hippocampus [15] . Scholars have observed the upregulation of BZRAP1 after chronic antidepressant treatment [16] . In addition, BZRAP1 mutations are demonstrated to be associated with autism-spectrum disorder and schizophrenia [17, 18] .
Recently, an epidemiological study reported that two genetic variants of single nucleotide polymorphisms (SNPs), rs7396366, whose closest gene is AP2A2, and rs2526378, whose closest gene is BZRAP1, are associated with higher plasma lipids and Alzheimer's disease [19] .
Because both Alzheimer's and CAD are metabolic-related and age-related diseases, we analyzed the potential relationship of rs7396366 and rs2526378 to CAD. However, as far as we know, no data to date have demonstrated the in-depth links between them. To advance our knowledge of the functions of AP2A2 and BZRAP1 in CAD and to seek new methods predicting CAD earlier, we studied the association between the two SNPs and the risk of CAD and its severity based on a Chinese population.
Methods

Participant samples
The study consisted of 707 independent individuals divided into two cohorts: 335 with CAD and 372 non-CAD controls. All of the participants were consecutively recruited from the Department of Cardiology, Shanghai Jiao Tong University Affiliated Sixth People's Hospital East. Each study participant underwent cardiac catheterization for clinical assessment of CAD. CAD was defined as at least one main coronary artery with luminal narrowing > 50% (main coronary artery, left anterior descending branch, left circumflex branch, right coronary artery, and their large side branches). According to their clinical manifestations and auxiliary examinations, for example, electrocardiogram and serum myocardial injury markers during hospitalization, we divided CAD cases into stable CAD (SCAD), non-ST-segment elevation myocardial infarction (NSTEMI), and ST-segment elevation myocardial infarction (STEMI) subgroups. In addition, to reflect the severity of their coronary artery lesions, CAD samples were devided into one-, two-, and three-vessel lesion subgroups. Controls were defined as having no main coronary artery with luminal narrowing > 10%. The following patients were excluded from the study: those with congenital heart disease, renal failure, malignant tumors, and age ≤ 18 years. Flow chart see in Additional file 1.
Ethics, consent and permissions
Approval of the Ethics Committee of Shanghai Jiao Tong University Affiliated Sixth People's Hospital East was obtained before the start of the work, and each participant provided written informed consent.
Clinical variables collection
Clinical variables in the study included age, sex, body mass index (BMI), smoking, hypertension, diabetes, total cholesterol and plasma glucose. Information on these variables was obtained from the participants and the hospital information system. Subjects were considered smokers if they were smoking at the time of sample collection and had a smoking history of at least half a year. Hypertension was defined as a systolic blood pressure ≥ 140 mmHg and/or a diastolic blood pressure ≥ 90 mmHg or taking any antihypertensive medications. Type 2 diabetes mellitus (T2DM) was identified based on blood sugar levels with fasting levels higher than 7.0 mmol/L and/or a random plasma glucose > 11.1 mmol/L or taking an antidiabetes medication.
Genotype determination
After overnight fasting, together with blood collection for clinical variables, blood samples for genotype determination was also obtained. Serum and white blood cells was separated by centrifugation and stored at − 80°until further analysis. We identified the two SNPs' (rs7396366 and rs2526378) genotypes by using the polymerase chain reaction-ligase detection reaction strategy described previously [20] [21] [22] .
Statistical analysis
SPSS software version 19.0 for Windows (SPSS Inc., Chicago Illinois, USA) was used for the statistical analysis. Continuous variables, such as age, BMI, total cholesterol level, and fasting plasma glucose (FPG), are expressed as the mean ± standard deviation (SD). The Student t test was used to examine the differences between two groups. For the analysis of Hardy-Weinberg equilibrium, the chi-square (χ 2 ) test was used. Categorical variables including genetic frequencies, allelic frequencies, and the difference in genotypic and allelic frequencies among different groups and subgroups were also examined by χ 2 analysis. We also used odds ratio (OR) and 95% confidence interval (CI) to find the relevance between the two genetic polymorphisms (G/T& C/T) and the risk of CAD and its severity. To determine whether AP2A2 or BZRAP1 genetic variants were independent of other clinical risk factors in predicting the severity of CAD, a logistic regression was used, adjusted by age, sex, smoking, hypertension, T2DM, total cholesterol level, and fasting glucose. More importantly, we utilized additive and dominant models to analyze the differences in the G/T or C/T polymorphism between CAD patients and controls. All data were considered statistically significant with a P value < 0.05 (two-tailed). Tables 1 and 2 present the baseline characteristics of the study samples and the comparison between CAD, as well as its clinical subgroups, and controls for different risk factors. Compared with controls, patients in the CAD group had a significantly higher proportion of male gender, hypertension, T2DM and higher average values of age and FPG levels (all P < 0.01). However, data showed no significant difference between the two groups with regards to BMI, smoking, and total cholesterol level (P = 0.648, 0.221, 0.196, respectively). Furthermore, both SCAD and NSTEMI subgroups showed significant differences in age, sex, T2DM, and FPG levels compared with controls. However, a significant difference was only seen in age when STEMI subjects were compared with controls (P = 0.001). Based on the results of coronary angiography, one-, two-, three-vessel disease subgroups included 173 (51.6%), 85 (25.4%), and 77 (23.0%) patients, respectively. Table 3 shows the genotype distribution of rs7396366 and rs2526378 in CAD patients and controls and the associated analysis. Deviation from the Hardy-Weinberg Equilibrium of the genotype distribution in the study was excluded (P > 0.05). A significantly higher proportion of rs7396366 TT genotype was present in CAD patients in comparison with that in controls (13.7% vs.7.8%, P = 0.014). The T genotype allele carriers of rs7396366 had a significantly higher risk of CAD than those with the G allele analyzed using the additive model (OR 2.02, 95% CI 1.21-3.35, P = 0.008). After controlling for the effects of traditional cardiovascular risk factors, analysis of the dominant model concerning rs7396366 also showed that the T allele compared with the G allele was associated with a significantly higher risk of CAD (dominant model: OR 1.48, 95% CI 1.03-2.14, P = 0.035). However, data for rs2526378 showed no significant difference following the same statistical methods except that the proportion of TT genotype was significantly higher Abbreviations: CAD coronary artery disease, BMI body mass inde, T2DM type 2 diabetes mellitus Age, BMI, total cholesterol and fasting plasma glucose are expressed as the mean ± SD and were compared using the Student t test. Other data are expressed as frequencies and percentages and were compared using the χ2-test in controls than in CAD patients (OR 1.43.95% CI 1.01-2.03, P = 0.044).
Results
Baseline characteristics
Analysis of genotype frequencies
Gene-sex, gene-hypertension, and gene-smoking interactions
Further analysis to seek the effects of rs7396366 gene-sex, gene-hypertension, and gene-smoking interactions were conducted and the results were shown in Table 4 . The data strongly suggest that male subjects with GT + TT genotypes had an increased risk of CAD (OR 1.88, 95% CI 1.32-2.67, P < 0.001). Subjects with GT + TT genotype and hypertension had a 3.01-fold higher risk of CAD (95% CI 2.12-4.28, P < 0.001). Additionally, subjects with GT + TT genotype and diabetes had a higher risk of CAD (OR 2.55, 95% CI 1.54-4.21, P < 0.001) than controls. After adjustment for other cardiovascular risk factors, the results remained unchanged. However, no evidence was found to identify higher risk Table 1 Age, BMI, total cholesterol and fasting plasma glucose are expressed as the mean ± SD and were compared using the Student t test. Other data are expressed as frequencies and percentages and were compared using the χ2-test of CAD in female subjects with GT + TT genotype, subjects with GT + TT genotype and diabetes, and subjects with GT + TT genotype and hypertension after adjustment (all P > 0.05).
The association between clinical risk factors and the severity of CAD Table 5 presents the baseline clinical characteristics and rs7396366 genotype frequency among controls and the one-, two-, and three-vessel disease subgroup subjects.
Age, sex, hypertension, total cholesterol level, T2DM, and fasting plasma glucose level were all statistically significantly different among the four groups (all P < 0.05), whereas the other variables showed no significant association (all P > 0.05). More importantly, the rs7396366 TT genotype also was significantly different among the four groups according to the χ 2 test. To further explore whether rs7396366 TT genotype can distinguish acute coronary syndrome (ACS) from SCAD, we performed the analysis and the results were Abbreviations: OR odds ratio, CI confidence interval Age, BMI, Total cholesterol and fasting plasma glucose are expressed as the mean ± SD and were compared using the one-way ANOVA. Other data are expressed as frequencies and percentages and were compared using the χ2-test shown in Table 6 . However, no significant rs7396366 genotype difference is found between ACS and SCAD subgroups ( Table 6 ). The relationship of rs7396366 polymorphism and other risk factors between the three subgroups and controls is demonstrated in Table 7 . Association is estimated in terms of odds ratio, 95% CI, and P values. The analysis indicated that age, sex, T2DM, fasting plasma glucose level, and especially rs7396366TT genotype were significant risk factors for three-vessel CAD (P < 0.001; P < 0.001; OR 3.85, 95% CI 2.26-6.56, P < 0.001; P = 0.023; OR 2.86, 95% CI 1.45-5.65, P = 0.005, respectively).
Discussion
In this hospital-based case-control study, we confirmed an association between rs7396366 polymorphism, closest to the AP2A2 gene, and a higher risk of CAD and its severity based on a Chinese population. These findings are useful for early risk assessment and severity prediction of CAD.
Recently, a role for AP2A2 in hematopoietic stem cell activity was identified in adult mouse and embryonic 14.5-day old fetal liver cells [23] . More importantly, Buroker et al. found that compared with the DMSO-treated cells, an increase in AP2A2 activity is apparent in cardiomyocytes treated for 24 h with Wy14643 (a PPAR activator) [24] . All these data point to the possibility that AP2A2 plays a remarkable role in energy metabolism and lipid transport and is potentially associated with nerve and cardiac disease.
Based on the rapid progress of GWAS, several genetic variants of SNPs are considered to be associated with human diseases [25] [26] [27] . The AP2A2 gene has also been seen as an underlying risk gene for the pathogenesis of CAD [24] . A recent study [19] has demonstrated genetic overlap between CAD, C-reactive protein, and plasma lipids and have reported that the rs7396366 variant closest to the AP2A2 gene and the rs2526378 variant closest to the BZRAP1 gene were two suggested CAD susceptibility loci. Moreover, several studies reported the potential association between AP2A2 gene variants and asthma, wheeze in childhood and adolescence [28] , and chronic bronchitis [29] , and BZRAP1 variants and Alzheimer's disease [30] . However, further studies concerning the association between the two SNPs and CAD have not been conducted. According to our results, rs7396366 TT genotype in CAD patients was significantly higher than in the controls. Subjects with rs7396366 TT genotype or T allele were more vulnerable to CAD than those with the GG genotype or G allele. Unfortunately, rs2526378 showed no such results, which may partly owe to the circumscription of sample size and thus needs further study.
In our study, age, sex, hypertension, and T2DM, which are all well-known risk factors for CAD, were also significantly different between CAD patients and non-CAD controls. A large prospective cohort study revealed that the incidence of new cardiovascular disease continued to increase after age 80 [31] . Similarly, a recent study showed that individuals > 65 years of age experience higher risk-adjusted hazards for major adverse cardiac events for non-obstructive, one-, and two-vessel disease, with similar event rates for three-vessel or left main artery disease compared with those < 65 years of age [32] . Interestingly, a study of Danish nonagenarians and centenarians demonstrated that although the individual risk for disability rose with age, disability in the population was not increased during the ninth decade of life [33] . One explanation for this is that everybody dies eventually; various causes of death competing in old people lead to further paradoxes [34] . Sex differences in the incidence, morbidity, and mortality from CAD are well documented [35, 36] . Substantial evidence shows that men, compared with women, experience a higher incidence and prevalence of CAD. The reason may partially be explained by their sex-based propensity to engage in higher-risk behaviors like smoking or excessive alcohol consumption [37] . According to an interaction model theory conducted in the present study, a male carrier of rs7396366 GT/TT genotypes has a higher risk for CAD. Hypertension plays an important role in the development of CAD. When blood pressure increases, mechanical pressure, impaired endothelial function, and vascular active substances interact with each other to prompt coronary artery intimal injury, vascular wall hypertrophy, lipid deposition, atherosclerotic plaque formation, and the final CAD stage. T2DM is a major risk factor for CAD [38] , and the cardiovascular system is particularly susceptible to the biological perturbations caused by this disease. Many patients die from T2DM-related cardiovascular complications [39] . In the current study, both T2DM and fasting plasma glucose were significantly associated with the severity of CAD.
Limitations
First, the sample size of our hospital-based retrospective study is relatively small, so the persuasiveness of the results might be influenced. Second, selection bias is an inevitable factor in the study. Third, the constitution of the control group is noteworthy, because these non-CAD controls have more risk factors for CAD than the general population has. Fourth, the severity of CAD is not only related to the number of lesions, but also to other factors, such as stenosis degree and total scores, myocardial fractional flow reserve and so on. Therefore, "severity" is a general concept. In this study, to simplify the concept, the number of lesions is used to reflect the severity of CAD. Fifth, left main coronary artery lesions are not involved in the study due to its tiny proportion. Sixth, the precise pathogenic mechanism underlying the variants of rs7396366 contributing to CAD has not been determined and needs further study. Last but not least, because all the participants are Chinese, extending the results to a wider population is debatable. However, our study does provide a valuable perspective for further studies focusing on clarifying the association between AP2A2 gene variants and increased risk of CAD.
Conclusions
In this hospital-based case-control study, we found that TT genotype of rs7396366 polymorphism of the AP2A2 gene may enhance the risk of CAD and reflect the severity of CAD. The rs7396366 TT genotype might be considered a potential risk marker to predict CAD and its severity. Nevertheless, due to the complexity of CAD, the role of AP2A2 gene in the formation of CAD remains to be further investigated. Availability of data and materials All data analyzed during the current study are not available for the agreement between the authors and the participants for their privacy.
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